I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

After severe trauma and hemorrhage, it is generally assumed that the rate of fluid shift from the interstitial space into the vasculature grossly modifies the biochemical laboratory investigations which may be critically followed for the prognosis of trauma victims. Prediction of outcome requires careful evaluation, analysis, and interpretation of demographic, clinical, imaging, and laboratory parameters which can help in planning the management and can help to communicate the short- as well as long-term outcome to the caretakers.\[[@ref1]\] Studies have suggested that the investigations should be requested based on clinical and imaging findings and based on the suspicion which organs are involved.\[[@ref2][@ref3]\] Routine blood investigations are an important part of the evaluation who present with systemic injuries with variable role in predicting outcome. Although the natural history of posttraumatic acute kidney injury (AKI) is not well established, it is an uncommon but serious complication after trauma probably due to decreased renal perfusion as the common cause of this complication. Improvements in treatment, including the introduction of dialysis, have not changed the mortality rates of AKI. Further, hyperglycemia can be a significant problem in the trauma population and has been shown to be associated with increased morbidity and mortality, which is caused by a hypermetabolic response to stress and seems to be an entity of its own rather than simply a marker. More recent studies in the trauma population, while supporting the correlation between hyperglycemia and increased mortality, seemed to indicate that protocols aimed at moderate glucose control improved outcome while limiting the incidence of hypoglycemic complications.\[[@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12]\] The present study was conducted to measure the distribution of laboratory values of performed investigations in Towards Improved Trauma Care Outcomes (TITCO) database and to understand whether these can play any role in predicting the outcome.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

Study design {#sec2-1}
------------

Data were from the TITCO project from India; the prospective, observational, multicenter trauma registry contains data of trauma patients admitted to four public university hospitals in Mumbai, Delhi, and Kolkata.\[[@ref13]\] TITCO data were collected from the period from October 1, 2013, to September 30, 2015. Patient details of trauma cases were recorded by trained data collectors at each identified center of TITCO.

Study population {#sec2-2}
----------------

Patients from TITCO database with valid laboratory results of biochemical investigations were considered for this study. Cases with missing values of any biochemical investigation under consideration were excluded from further analysis. Patients presenting with a history of trauma and admitted or died after admission in study hospitals were included in the study. Patients with isolated limb injury and brought dead cases were excluded from the study. Biochemical investigations considered for this study are hemoglobin, hematocrit, random blood sugar, blood urea nitrogen (BUN), and serum creatinine. Results of each of these investigations were categorized into normal, below normal range, or above normal range.\[[@ref14]\] Gender-wise age group wise classification is made for respective variables. Overall mortality is considered as outcome variable.

Statistical analysis {#sec2-3}
--------------------

Logistic regression analysis was used assuming overall mortality as dependent variable and corresponding biochemical investigation as independent variable with alpha level of \<0.05 was considered statistically significant. Considering normal range values of laboratory investigation as reference category, relative odds for above and below the normal range were estimated. Frequency chart of result values of each laboratory investigation was prepared. Cross-tabulation of gender-wise and age group-wise laboratory result was expressed as percent as well as actual numbers. Data were analyzed using SPSS version 24.0 (SPSS Inc., Chicago, IL, USA) for Windows and Microsoft Excel version 2016.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

From TITCO registry, 3456 patients with valid real-time laboratory values of five biochemical investigations were considered for this study. Overall mortality reported in study population of trauma patient was 20.37%. Overall mortality among female was 29.13%, while in males, it was 17.33%. Age group-wise increase in mortality was found to be increasing from pediatric to adults and then adult to geriatric age group (\>60 years) with percentages mortality as 13.12, 20.57 and 32.43% respectively. From the grouping of each of the laboratory results, it was found that overall higher values than normal range higher the proportion relative mortality. Among the patients with above normal range hematocrit, serum creatinine, and hemoglobin, mortality was observed 43.94, 43.48, and 70.21%, respectively. Among the patients with normal range of reported biochemical laboratory values, the overall morality was found in the range of 14%--21% for all five laboratory tests. Below the normal range, values of laboratory investigation were seen to be associated with mortality percentages of 17%--22% \[[Table 1](#T1){ref-type="table"}\] Diagnostic result values are seen to be associated with survival of trauma patients. For hemoglobin, serum creatinine, and BUN, relative odds for above normal values were found to be 15.20 (*P* \< 0.001), 3.8 (*P* \< 0.001), and 2.17 (*P* = 0.17), respectively. For lower values of all biochemical investigations, except serum creatinine and BUN, no statistically significant difference was found \[[Table 1](#T1){ref-type="table"}\].
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D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

The laboratory parameters that we considered are standardized between laboratories and hence objective and reliable. Abnormalities in some laboratory parameters may mainly be an expression of the degree of injury, but for other parameters, abnormalities may induce further damage or delay the recovery process.\[[@ref15]\] The present study describes the laboratory parameters that are routinely determined on admission and their influence on the outcome following injury. The study reports that higher laboratories values of hemoglobin, hematocrit, and serum creatinine had higher rates of deaths among injury patients. For abnormal higher value of hemoglobin and serum creatinine, the relative significant odds were 15.2 and 3.8, respectively, as compared to normal range.

Hemoglobin {#sec2-4}
----------

The present study reported that injury patients with higher level of hemoglobin were 15.2 times higher risk of death as compared with normal level of hemoglobin. Lower level of hemoglobin was not significant with outcome. Optimal hemoglobin level for predicting outcome among injured patients remains unknown.\[[@ref16]\] A study has demonstrated that a mean 7-day hemoglobin concentration of \<90 g/L may be harmful in patients with a severe traumatic brain injury (TBI).\[[@ref17]\] Patient outcomes after TBI are worse in patients with lower hemoglobin level.\[[@ref18]\] Cerebral oxygen delivery is dependent upon the cerebral perfusion pressure and the oxygen content of blood, which is principally determined by hemoglobin. Neuronal tissue in injured patients is controversial with limited evidence to provide transfusion thresholds.\[[@ref17]\]

Hematocrit {#sec2-5}
----------

In our study, lower levels of Hematocrit were related with higher reported deaths, yet this relation was not significant. Trauma professional opined that a low hematocrit on the first blood drawn during trauma resuscitation is more helpful that previously thought. Be sure to check those laboratory values early, and if the hematocrit value is in the mid-30s or lower, start looking for significant sources of bleeding.\[[@ref19]\] At Kings County Hospital Center, a Level I trauma center at New York, the serial hematocrit measurements are a routine part of the trauma evaluation for identifying volume loss as prognostic marker.\[[@ref20]\]

A study at the Department of Emergency Medicine, Albany Medical College, New York, reported that the effect of hemodilution from intravenous fluid need to be critically thought to place hematocrit any prognostic value.\[[@ref21]\] The researchers in the Department of Medicine, Columbia University College of Physicians and Surgeons, New York, concluded that hematocrit levels may have some diagnostic utility during the early management of penetrating trauma. Presentation with an hematocrit below normal or an early decrease may be considered as an indicator of potential injury; lower the hematocrit, or the greater the decrease, the greater the probability that a significant injury.\[[@ref22]\]

The study conducted at the University of Miami Miller School of Medicine concluded that admission hematocrit correlated well with signs of shock and hemorrhage in trauma patients requiring emergency surgery because fluid shifts rapidly from the interstitial space into the vasculature.\[[@ref23]\] Yet, other opinions are there regarding hematocrit and hemoglobin as mortality indicator after trauma. The research group from the Department of Surgery, University Medical Center Groningen, University of Groningen, The Netherlands, has a new conceptual paradigm that hematocrit and hemoglobin behave as identical parameters and hematocrit levels are not different or even superior to hemoglobin. They proposed that there is no reason for determining both hematocrit and hemoglobin in trauma patients.\[[@ref24]\]

Hemoglobin and hematocrit values remain unchanged from baseline immediately after acute blood loss. During resuscitation, the hematocrit may fall secondary to crystalloid infusion and re-equilibration of extracellular fluid into the intravascular space. In the absence of preexisting disease, transfusions can be withheld until significant clinical symptoms are present or the rate of hemorrhage is enough to indicate ongoing need for transfusion.\[[@ref25]\]

Serum creatinine and blood urea nitrogen {#sec2-6}
----------------------------------------

In our study, we have observed that AKI happened for which the serum creatinine and BUN levels of trauma victims and odds ratio with mortality were related both for above and below normal values in both the variables. Chinese researchers have highlighted the importance of close surveillance of renal function and stressed the value of renal hygiene in the severe TBI cases.\[[@ref26]\] The research group from Fortaleza city, northeast of Brazil, observed that AKI is a fatal complication after trauma, which presented with a high mortality in the studied population. The prevalence of AKI and overall mortality of their patients was higher than reported in literature. A better comprehension of factors associated with death in trauma-associated AKI is important, and more effective measures of the prevention and treatment of AKI in this population are urgently needed.\[[@ref27]\]

Random blood glucose {#sec2-7}
--------------------

In our study, we have observed that level of glucose in blood did not show any higher odds ratio in relation to mortality. Researchers are of strong opinion that blood glucose level seems to be more than simply a marker, but an entity of its own with a whole collection of adverse effects with blood glucose concentrations \>200 mg/dl had a significantly increased mortality rates.\[[@ref28]\]

Yendamuri *et al*. opined that blood glucose level on admission can be used as a valuable prognostic indicator in trauma patients.\[[@ref29]\]

Scalea *et al*. assessed the impact of a tight glucose control regimen on outcome in critically injured trauma patients and demonstrated a survival benefit.\[[@ref30]\] Literature supports blood glucose as an independent predictor of hospital mortality in regression analysis considering age, gender, injury severity, laboratory data, including serum potassium, pH, bicarbonate, pCO~2~, pO~2~, and lactate and prothrombin time.\[[@ref31]\]

Tight glucose control during the acute phase with severe TBI has deleterious effects of presenting the injured brain with hyperglycemia without any clinical evidence to support high blood glucose levels worsens neurologic injury. Yet, of the current evidence-based medicine, researches do not support keeping blood glucose levels below 110--120 mg/dl during the acute care of patients with severe TBI with increasingly associated hypoglycemic sequels.\[[@ref32]\]

There is, however, no consensus regarding optimal and safe glycemic target range has not been determined to implement during intervention in TBI patients, varying between individuals at different time points during the clinical course. This has lead us to disagreement on the best way to approach glycemic control.\[[@ref33]\] Research group from Malaysia noted that the patients with isolated TBI and minimal increases in blood glucose levels were more likely to have a favorable outcome and concluded that hyperglycemia is an important independent predictor of outcome. They also suggested that tight control of blood glucose in patients with TBI may improve outcomes for these patients.\[[@ref34]\]

In TBI with low Glasgow Coma Scale (GCS) with hyperglycemia at an early stage may be a reliable marker of cerebral injury and prognosis as elevated blood glucose level may suggest that a patient\'s prognosis is likely poor and the risk of dying is substantially high.\[[@ref35]\] Many studies have reported the prognostic value of clinical and radiological parameters in injury, but relatively few have investigated the relation between laboratory parameters on admission and outcome.\[[@ref36]\]

Abnormalities in laboratory parameters frequently follow the injuries; analyses of these are routinely measured parameters has the prognostic value. Most importantly, abnormal values can be corrected by treatment, in contrast to demographics such as age or radiological parameters, which mainly reflect the severity of injury, namely, GCS, Glasgow Outcome Scale, and computerized tomography scan.\[[@ref37]\] There are opposing opinions against battery of laboratory investigations in all trauma cases. Literature reported that 95% of the US Level I trauma centers perform costly routine laboratory testing of trauma patients, despite the paucity of supportive scientific data and rational guidelines for ordering tests in different levels of trauma care settings is the call of the day.\[[@ref38]\] As resource utilization becomes increasingly scrutinized, the question remaining is whether any laboratory test battery should be recommended as a "routine protocol" across the entire spectrum of trauma patients.\[[@ref39]\]

Strengths of the study {#sec2-8}
----------------------

This was a prospective, observational registry where real-time assessments were done for better clinical outcomes of the trauma victims.

Limitations of the study {#sec2-9}
------------------------

Laboratory investigations are one of these tools with multiple dependencies, which can be used to document the baseline values in vulnerable group and can be repeated to follow the progress to the treatment or any need for further interventions.\[[@ref1][@ref37]\] The present study uses one time value in assessing the impact of these values on patients. It is difficult to tell that the patients with abnormal were in good health before the injury as this has not been taken into consideration.

Future directions of the study {#sec2-10}
------------------------------

This study was novel in this part of country for a very important issue pertaining to biochemical laboratory parameters though this was conducted on small sample, so external validity will be limited. In future, multicentric, prospective, randomized, controlled trials are necessary to determine the optimal sampling for supportive evidences from biochemical laboratory values and treatment paradigm for nationally representative clinical practice guidelines.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

Laboratory parameters can be an important admission parameter in trauma patients. With our limited resources, it will be wiser to all the investigations in all the patients. We need to categorize investigations into screening and based on findings further investigations. This study describes the association of laboratory parameters in trauma patient with their overall mortality in Indian settings.
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